Cell-free extracts of C. pyrenoidosa were prepared according to the following routine. The algae were collected by centrifugation and rinsed two to three times with deionized water. The washed cells, suspended in 5 to 10 volumes of 0.05 M K-phosphate (pH 7.0), were then passed twice through a chilled French pressure cell at 12,000 to 14,000 p.s.i. The resulting homogenate was centrifuged at 5OOg for 10 min to remove debris and unbroken cells. The 500g supernatant was either used directly for enzymatic determinations or further fractionated by differential centrifugation and sometimes by (NH,)2S04.
The enzyme glycolate dehydrogenase occurs in many species of green algae, where an analogous enzyme, glycolate oxidase, is present in certain other species of green algae, as well as in green tissues of lower and higher land plants (3, 15) . Although the two enzymes both oxidize glycolate to glyoxylate and thereby participate in the glycolate pathway, they differ in several of their biochemical properties, one of these being their capacity to use stereoisomers of lactate as alternate substrates (15 (3) .
There have also been reports that some algae contain an NAD+-dependent D-lactate dehydrogenase (17, 26) . However, the relationship between this activity and glycolate dehydrogenase has remained unclear. This study was undertaken to ex- ' This research was supported in part by National Science Foundation Grant GB-32040X and by a National Science Foundation Postdoctoral Fellowship to P. J. G. Fractions enriched in NAD+-D-lactate dehydrogenase always retained some capacity to oxidize D-lactate using DCPIP, but since these fractions also retained a proportional ability to oxidize glycolate using DCPIP, this activity can be attributed to Li-hydroxypyruvate. Protein was determined according to Lowry et al. (13) . RESULTS Cell-free preparations from Chlorella were found to have the enzymatic capacity to reduce pyruvate using NADH. Lactate, the product of this reaction, was not analyzed directly for steroisomerism in our studies, but previous work has indicated that it has the D configuration (26) . When the reverse enzyme reaction was measured employing NAD+ as oxidant of lactate, activity was observed with D-lactate but not with L-lactate (Table  I) . These results indicate that the enzyme under consideration was the NAD+-linked D-lactate dehydrogenase of Chlorella already described by Warburg et al. (26) . In this paper, it is referred to as a reductase or dehydrogenase, depending upon the assay direction.
Experiments were then conducted to establish whether this enzyme is distinct from glycolate dehydrogenase, the algal enzyme which also oxidizes D-lactate (3, 15) . It was possible to separate NAD+-linked n-lactate dehydrogenase activity from that of glycolate dehydrogenase by differential centrifugation. In the case of Chlorella, 75 to 80% of the glycolate dehydrogenase activity, measured in terms of either glycolate or D-lactate oxidation with DCPIP3 as the electron acceptor, remained particulate even following harsh preparative procedures, wheras the NAD+-dependent n-lactate dehydrogenase activity, including the reaction in the other direction using pyruvate and NADH, was almost totally solubilized (Table II) (Fig. 1) .
Chlorella extracts were used to determine certain parameters I Abbreviation: DCPIP: 2, 6-dichlorophenolindophenol. The possibility that NADH-pyruvate reductase activity was catalyzed by the enzyme hydroxypyruvate reductase, which is highly active in all green tissues, was also explored. With a preparation from Dunaliella, hydroxypyruvate reductase activity was stable over a 90-min test span, whereas pyruvate reductase activity was not stable (Fig. 1) . When Chlorella extracts were fractionated by (NH4)2S04, twice as much of the pyruvate reductase as the hydroxpyruvate reductase activity was precipitated by 55% saturated (NH4)2S04.. These and similar unreported data give preliminary indications that pyruvate reductase and hydroxypyruvate reductase in algae are different enzymes as they are in higher plants (23) .
In conjunction with studies on the distribution of glycolate dehydrogenase and glycolate oxidase among green plants (3), species representative of various levels of evolutionary advancement were also surveyed for their ability to reduce pyruvate using NADH. As shown in Table III , pyruvate reductase activity was detected in many but not all of the algal species which contain glycolate dehydrogenase; likewise, it was found in several but not all of the algal species which have glycolate oxidase. A few lower land plants also had NADH-pyruvate reductase activity in their green tissues but the majority of them, as well as several angiosperms, did not contain such activity.
Extracts of some green algae and lower land plants having NADH-linked pyruvate reductase activity were assayed in the reverse direction to establish whether the enzyme involved is stereospecific for D-or L-lactate. Generally, the oxidation of (Table IV) . From this limited survey and that conducted previously on the enzymes which oxidize glycolate (see Table III (9, 10) , the D-lactate cytochrome c reductase from membrane preparations of aerobically grown yeasts (7, 8, 20) , and the "mitochondrial" D-a-hydroxy acid dehydrogenase from mammals (1, 24, 25) . The algal NAD+-D-lactate dehydrogenase, on the other hand, clearly belongs to a different class of enzymes, representatives of which occur also in bacteria (2, 22) , in a slime mold (4), in fungi (5, 18) , and in certain invertebrates (11, 19 Figure 2 and is responsible for the transport of various compounds into bacterial cells (9 
